Effects of Sudden Change in Cycle Length
SUMMARY In the steady state, the refractory periods of the human atrium, atrioventricular (AV) node, and ventricle are a function of cycle length. We compared the change in refractoriness that occurred when these refractory periods were measured after eight beats at a shorter cycle length with the change that occurred when these refractory periods were measured after a single beat at the shorter cycle length. For a decrease in cycle length of 235 ± 63 msec, the atrial effective refractory period shortened 31 ± 24 msec (p < 0.01) when measured after eight beats at the shorter cycle length and 26 ± 24 msec (p < 0.01) when measured after a single beat at the shorter cycle length. Similar recorder and recorded on photographic paper at a paper speed of 100 mm/sec. Pacing impulses were generated by a digitally programmed stimulator (Bloom Associates, Ltd.). IfMipulses 1.5 msec wide and twice diastolic threshold were used throughout.
The refractory periods of the high right atrium, AV node and ventricle were determined by the extrastimulus technique. An extrastimulus was induced and moved progressively closer to the preceding beat in 5-10-msec increments. The refractory period was determined after eight beats at a constant basic cycle length, eight beats at a shorter constant basic cycle length, and eight beats at the longer constant basic cycle length, followed by a single premature beat at a coupling interval equal to the shorter basic cycle length. Continuous recordings were used to document that each of the eight beats of the constant basic cycle length captured and that there was no intermittent failure to capture or no premature beats.
In the ventricle, an additional protocol was performed. First, the ventricular effective refractory period was determined after eight beats at a constant basic cycle length. Then, an extrastimulus (S2) was introduced with a coupling interval 10-20 msec longer than the refractory period of the eighth beat. The effective refractory period of this S2 was measured. Finally, an S2 with a longer coupling interval of 350-450 msec was introduced after eight beats at the same constant basic cycle length. The refractory period of this S2 was then determined. Definitions
The atrial effective refractory period was defined as the longest S1S2 interval that did not capture the atrium. The atrial functional refractory period was defined as the shortest A1A2 achieved. The AV nodal effective refractory period was defined as the longest A1A2 (measured in the His bundle lead) that did not For a mean decrease in cycle length of 235 + 63 msec, the atrial functional refractory period shortened 27 ± 19 msec (p < 0.01) when measured after eight beats at the shorter cycle length and 25 i 19 msec (p < 0.01) when measured after a single beat at the shorter cycle length. There was no statistical difference between the degree of shortening after a single beat and the degree of shortening after eight beats.
AV Node
Results for the AV node are shown in figure 2 . For a mean decrease in cycle length of 214 ± 63 msec, the AV nodal effective refractory period lengthened 30 i 39 msec (p < 0.05) when measured after eight beats at the shorter cycle length and 31 ± 34 msec (p < 0.05) when measured after a single beat at the shorter cycle length. There was no significant difference between the degree of lengthening after a single beat at the shorter cycle length and after eight beats at the shorter cycle length.
For a mean decrease in cycle length of 214 ± 63 msec, the AV nodal functional refractory period shortened 14 ± 18 msec (p = NS) when measured after eight beats at the shorter cycle length and 10 + 21 msec (p = NS) when measured after a single beat at the shorter cycle length. The functional refractory period after a single beat at the shorter cycle length did not differ from that after eight beats at the shorter cycle length. figure 3 . In 14 patients, for a mean decrease in cycle length of 175 + 52 msec, the ventricular effective refractory period decreased 26 ± 10 msec (p < 0.01) after eight beats at the shorter cycle length and 16 ± 12 msec (p < 0.01) after a single beat at the shorter cycle length. Thus, after a single beat, 60% of the shortening seen after eight beats was elicited. The difference in shortening between one beat and eight beats was statistically significant (p < 0.01).
In 17 patients, at 27 different basic cycle lengths, the effective refractory periods of single extrastimuli at two different coupling intervals were compared. In each case, the effective refractory period of the extrastimulated beat with the longer coupling interval was longer than the effective refractory period of the extrastimulated beat with the shorter coupling interval. For an extrastimulated beat with an average coupling interval of 411 ± 35 msec, the mean effective refractory period was 219 ± 28 msec (p < 0.01 vs effective refractory period at the basic cycle length), while for an extrastimulated beat with an average coupling interval of 249 ± 29 msec, the mean effective refractory period was 174 ± 29 msec (p < 0.01 vs effective refractory period at the basic cycle length; p < 0.01 vs extrastimulated beat with longer interval). figure 1. (A) Lines connect refractory period measurements after eight beats at a long cycle length and after eight beats at a shorter cycle length. (B) Lines connect refractory period measurements after eight beats at a long cycle length and after a single beat at the same short cycle length as in panel A. There was no significant difference between the degree of lengthening of refractoriness after eight beats at the shorter cycle length than the degree of lengthening of refractoriness after a single beat at the shorter cycle length. 0 700 600 500 400 700 600 INTERVAL 500 400 FIGURE 3. Effects of changes in cycle length on the ventricular effective refractory period (ERP). Format is the same as in figure 1. (A) Lines connect refractory period measurements after eight beats at a long cycle length and after eight beats at a shorter cycle length. (B) Lines connect refractory period measu'rements after eight beats at a long cycle length and after a single beat at the same short cycle length as in panel A. There was significantly more shortening of refractoriness after eight beats at the shorter cycle length than after a single beat at the shorter cycle length. Studies of the canine AV nodal functional refractory period give conflicting results as to the influence of the immediately preceding cycle length.8 These studies have limited relevance to our study because denervated canine models were used and because the effective refractory period was not measured. The functional refractory period is also affected by conduction time and therefore may not be as accurate a measure of refractoriness as the effective refractory period. 9 Simson et al.,"' using a denervated canine preparation, reported a cumulative effect of cycle length on the AV nodal effective refractory period during AV nodal Wenckebach cycles and after a blocked premature beat during stressed 1: 1 conduction. These workers found that this cumulative effect was related to the frequency of stimulation, and was not seen at the cycle lengths used in our study."
In the canine ventricle, Mendez et Our results have implications for the performance and interpretation of stimulation studies. During these studies, the heart is generally driven at a constant cycle length for eight to 10 beats, after which premature beats are introduced. Spontaneous ectopy sometimes makes it difficult to achieve this steady state. Our data suggest that fewer beats at the given cycle length may give refractory period determinations similar to those found after a longer basic drive in the atrium and AV node, but not in the ventricle. However, properties other than local refractoriness (i.e., conduction time and dispersion of refractoriness) may be different after single beats than after pacing. Our finding that extrastimulated beats with shorter coupling intervals have shorter refractory periods than those with longer coupling intervals suggests that if S,S2SS stimulation is used to "peel back" refractoriness, S2 should be set close to the refractory period of S,.
